Plant transformation has for many years relied on agrobacterium infection or biolistic particle delivery. However, these two methods are limited to model plant systems or a small number of crop species. This commentary highlights recent development in the nanoparticle-mediated transformation that has the potential to revolutionize how plants are transformed.
Abstract
Plant transformation has for many years relied on agrobacterium infection or biolistic particle delivery. However, these two methods are limited to model plant systems or a small number of crop species. This commentary highlights recent development in the nanoparticle-mediated transformation that has the potential to revolutionize how plants are transformed.
The plant cell wall presents a formidable physical barrier to transformation-a barrier that has consistently left the introduction of a transgene into a plant cell more challenging than for animal cells. Two major methods exist today to circumvent that barrier: Agrobacterium infection and biolistic particle delivery (more commonly known as the gene gun or DNA bombardment).
Despite the successes these two strategies have delivered, their drawbacks are several: 1) Most notably, the range of species in which these strategies have acceptable efficiency is limited; 2) They generally require regeneration from tissue culture, which is labor-intensive, low in efficiency, and time-consuming; 3) They are not suitable for high-throughput applications; and 4) Agrobacterium-mediated transformation introduces foreign genetic materials (Altpeter et al. 2016; Baltes et al. 2017; Herrera-Estrella et al. 1983; Klein et al. 1987 ).
Three recent publications suggest, however, that nanotechnologies may overcome the barrier of the cell wall and reduce the drawbacks associated with current transgene delivery systems.
Demirer et al (Demirer et al. 2018 ), Mitter et al (Mitter et al. 2017) , and Zhao et al (Zhao et al. 2017 ) have each produced evidence that positively-charged nanoparticles can be linked with the negatively-charged backbones of nucleic acids and directed into the plant cell. During the journey into and within the cell, nanoparticles protect DNA from enzymatic attack, and yet, on delivery to the cell nucleus, the nanoparticles release the foreign nucleic acids. The mechanisms explaining the release and delivery of the transgene into the normal genetic processing machinery of the plant are not yet understood, but the implications are profound. Together, these results suggest nanoparticle-based techniques will play a significant role in future genetic efforts in plants. The impact of such technologies is likely to be especially significant to laboratories working on non-model species, or in agricultural applications, where a lengthy tissue culture recovery period is uneconomical. If nanotechologies are able to contribute to successful genetic experimentation in plants, they will play a major role in addressing rising challenges in meeting human demand for food, fiber and energy. 
